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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a torque converter, and more particularly to a 
torque converter provided with a lockup clutch. 
5 2. Background Information 

A torque converter includes three types of vane wheels (impeller, turbine and 
stator) in the interior thereof, and serves to transmit torque by means of a working 
fluid (working oil) in the interior thereof. The impeller is fixed to a front cover that 
transmits torque, and an impeller shell and the front cover form a fluid chamber that is 
10 filled with the working fluid. The turbine is disposed inside the fluid chamber 

opposite the impeller. When the impeller rotates, the working fluid flows from the 
impeller toward the turbine to rotate the turbine. As a result, torque is transmitted 
from the turbine to a main drive shaft of a transmission. 

A lockup clutch is disposed in a space between the front cover and the turbine, 
15 and serves to mechanically couple the front cover to the turbine and thereby directly 
transmit torque therebetween. The lockup clutch is primarily composed of a piston, 
and an elastic coupling mechanism that serves to couple the piston to the turbine or 
another output member. The piston is disposed between the front cover and the 
turbine so as to form a front chamber on the front cover side and a rear chamber on 
20 the turbine side. As a result, the piston can move toward and away from the front 

cover by means of a pressure differential created between the front and rear chambers. 
A friction facing is provided on the front cover side of the outer peripheral portion of 
the piston in order to form a frictional coupling portion. 

The elastic coupling mechanism is composed of a drive member fixed, for 
25 example, to the piston, a driven member fixed to a member on the turbine side, and 
elastic members such as coil springs disposed between the drive and driven members 
and capable of torque transmission. 

A thrush washer is usually disposed in the axial direction between an inner 
peripheral portion of the front cover and a turbine hub. The thrust washer functions to 
30 support the thrust load of the turbine. In addition, a plurality of grooves are formed in 
an end surface in the axial direction of the thrust washer that radially extend through 
the thrust washer so that the working fluid can flow between the front chamber of the 
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torque converter and the oil passage of the main drive shaft via these grooves (see, for 
example, Japanese Unexamined Patent Application Publication No. H05-231495. 

When a conventional thrust washer is provided in a torque converter, the 
number of parts will increase as well as the overall cost thereof. Costs will increase 
5 when a thrust washer is provided because the surface on which the thrust washer 
slides must be processed to improve the precision thereof. 

In view of the above, there exists a need for a hydrodynamic torque 
transmitting device which overcomes the above mentioned problems in the prior art. 
This invention addresses this need in the prior art as well as other needs, which will 
10 become apparent to those skilled in the art from this disclosure. 

SUMMARY OF THE INVENTION 
An object of the invention is to solve the problems caused by a thrust washer 
in a hydrodynamic torque transmitting device having a lockup clutch that includes a 
piston. 

15 In a first aspect of the present invention, a hydrodynamic torque transmitting 

device includes an input side front cover, an impeller, a turbine, and a piston. The 
impeller is coupled to the front cover to form a fluid chamber together with the front 
cover. The turbine has a vane portion disposed inside the fluid chamber and opposite 
the impeller, and a turbine hub. The piston is disposed so as to divide a space between 

20 the front cover and the turbine into a front chamber on a front cover side and a rear 
chamber on a turbine side, and is capable of moving toward and away from the front 
cover by means of a pressure differential created by fluid between the front chamber 
and rear chamber. The piston includes a disk-shaped main body, and a frictional 
coupling portion disposed on an outer peripheral portion of the main body that is 

25 capable of frictional coupling with the front cover. The turbine hub and the front 

cover respectively include portions that are mutually opposed to each other across a 
space in an axial direction (hereinafter referred to as opposing portions). The piston 
includes a support portion that supports the turbine in the axial direction when the 
piston moves toward the front cover. When the piston moves to a position closest to 

30 the front cover, a gap in the axial direction is maintained between the opposing 
portions so that a load from the turbine will not be applied to the front cover. 

In this hydrodynamic torque transmitting device, when the pressure in the 
front chamber is lower than that in the rear chamber, this pressure differential moves 
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the piston toward the front cover to couple the frictional coupling portion to the front 
cover (i.e., the lockup clutch is engaged). When the pressure in the front chamber 
exceeds the pressure in the rear chamber, this pressure differential moves the piston 
away from the front cover so that the frictional coupling portion is spaced from the 
5 front cover (i.e., the lockup clutch is released). 

In this hydrodynamic torque transmitting device, the support portion of the 
piston axially supports the turbine in the lockup-engaged state, and as a result, an 
axial space is maintained between the opposing portions when the piston is in the 
position closest to the front cover, and the load from the turbine is not applied to the 

10 front cover. Thus, in contrast to the conventional configuration, the thrust washer can 
be eliminated because the piston bears the thrust load of the turbine. 

According to a second aspect of the present invention, the opposing portions 
of the hydrodynamic torque transmitting device of the first aspect are directly opposed 
to each other in the axial direction. When the piston moves to the position furthest 

1 5 from the front cover, the axial distance between the opposing portions is longer than 
the axial distance between the frictional coupling portion and the front cover. 

In this hydrodynamic torque transmitting device, there are no other members 
disposed between the opposing portions. In addition, when the piston moves to a 
position near the front cover, the frictional coupling portion comes into contact with 

20 the front cover to stop the movement of the piston. When this occurs, the piston 
axially supports the turbine and an axial space is maintained between the opposed 
portions. Thus, costs can be lowered because the thrust washer can be eliminated. 

According to a third aspect of the present invention, the support portion of the 
piston of the hydrodynamic torque transmitting device of the first or second aspect is 

25 an annular portion having a constant radial width. 

In this hydrodynamic torque transmitting device, when for example an elastic 
coupling mechanism operates in the lockup-engaged state in response to the input of 
torque variations from an engine, the support portion of the piston slides on the 
turbine while they are pressed together by means of the thrust load of the turbine. 

30 With this configuration, bearing stress on the sliding portions will be low and, as a 
result, little wear will be produced, because the support portion of the piston is an 
annular portion having a constant radial width. 
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According to a fourth aspect of the present invention, the radial width of the 
support portion of the piston of the hydrodynamic torque transmitting device of the 
third aspect is larger than the plate thickness of the piston. 

In this hydrodynamic torque transmitting device, when for example an elastic 
5 coupling mechanism operates in the lockup-engaged state in response to the input of 
torque variations from an engine, the support portion of the piston slides on the 
turbine while they are pressed together by means of the thrust load of the turbine. 
With this configuration, bearing stress on the sliding portions will be low and, as a 
result, little wear will be produced, because the support portion of the piston has a 
10 radial width larger than the plate thickness of the piston. 

According to a fifth aspect of the present invention, the radial width of the 
support portion of the piston of the hydrodynamic torque transmitting device of the 
fourth aspect is two or more times larger than the plate thickness of the piston. 

In this hydrodynamic torque transmitting device, when for example an elastic 
1 5 coupling mechanism operates in the lockup-engaged state in response to the input of 
torque variations from an engine, the support portion of the piston slides on the piston 
while they are pressed together by means of the thrust load of the turbine. With this 
configuration, bearing stress on the sliding portions will be low and, as a result, little 
wear will be produced, because the support portion of the piston has a radial width 
20 two or more times larger than the plate thickness of the piston. 

According to a sixth aspect of the present invention, the turbine side of the 
support portion of the piston of the hydrodynamic torque transmitting device of any 
one of the first to fifth aspects has a flat surface that extends perpendicular to the 
rotation axis. 

25 In this hydrodynamic torque transmitting device, when for example an elastic 

coupling mechanism operates in the lockup-engaged state in response to the input of 
torque variations from an engine, the support portion of the piston slides on the piston 
while they are pressed together by means of the thrust load of the turbine. With this 
configuration, bearing stress on the sliding portions will be low and, as a result, little 

30 wear will be produced, because the turbine side of the support portion of the piston 
has a flat surface that extends perpendicular to the rotation axis. 

According to a seventh aspect of the present invention, the piston of the 
hydrodynamic torque transmitting device of any one of the first to sixth aspects 
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includes a cylindrical portion that extends from an inner peripheral edge of the main 
body toward the front cover side. The inner peripheral surface of the cylindrical 
portion is supported on the outer peripheral surface of the turbine hub such that the 
cylindrical portion can move in the rotational direction and the axial direction. 
5 In this hydrodynamic torque transmitting device, the piston is radially 

positioned by the turbine hub via the cylindrical portion. 

According to an eighth aspect of the present invention, the axial position of 
the axial end of the cylindrical portion of the hydrodynamic torque transmitting 
device according to the seventh aspect matches the axial engine side surface of the 
10 turbine hub. 

According to a ninth aspect of the present invention, a portion of the turbine 
hub that is in contact with the cylindrical portion of the hydrodynamic torque 
transmitting device according to the eighth aspect includes a seal member that seals 
an inner peripheral portion between the front chamber and the rear chamber. 

15 These and other objects, features, aspects and advantages of the present 

invention will become apparent to those skilled in the art from the following detailed 
description, which, taken in conjunction with the annexed drawings, discloses a 
preferred embodiment of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Referring now to the attached drawings which form a part of this original 

disclosure: 

Fig. 1 shows a cross section of a torque converter according to one 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
25 A cross section of a torque converter 1 according to an embodiment of the 

present invention is shown in Fig. 1. Line O-O in Fig. 1 is the rotational axis of the 
torque converter 1 . 
Overall Configuration 

The torque converter 1 is primarily composed of a front cover 2, an impeller 3, 
30 a turbine 4, a stator 5 and a lockup clutch 6. 

The front cover 2 can be mounted to a component (not shown in the figures) 
on the engine side, and torque from an engine (not shown in the figures) is inputted 
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thereto. A cylindrical portion 1 1 is arranged on the outer peripheral edge of the front 
cover 2, and projects away from the engine (i.e., toward the transmission). 

The impeller 3 includes an impeller shell 16, and a plurality of impeller blades 

17 fixed to the impeller shell 16. The outer peripheral edge of the impeller shell 16 is 
5 fixed to the cylindrical portion 1 1 of the front cover 2. The impeller shell 16 and the 

front cover 2 form a fluid chamber. Further, the impeller 3 includes an impeller hub 

18 that is fixed to the inner peripheral edge of the impeller shell 16. 

The turbine 4 is disposed in the interior of the fluid chamber opposite the 
impeller 3. The turbine 4 includes an turbine shell 21, and a plurality of turbine blades 

10 22 fixed to the turbine shell 21. The turbine 4 further includes a turbine hub 23 that 
serves to transmit torque to the transmission (not shown in the figures). The main 
portion of the turbine hub 23 is tubular in shape, and a flange 24 is formed on the 
outer peripheral surface thereof. The inner peripheral end portion of the turbine shell 
21 is fixed to the flange 24 by means of a plurality of rivets 25. Note that the inner 

1 5 peripheral side of the main portion of the turbine hub 23 includes spline grooves 26 
that engage with a main drive shaft (not shown) of the transmission. 

The stator 5 regulates the direction of the working fluid that is returned from 
the turbine 4 to the impeller 3. The stator 5 is disposed between the inner peripheral 
sides of the impeller 3 and the turbine 4. The stator 5 includes a stator shell 31, and a 

20 plurality of stator blades 32 fixed on the stator shell 3 1 . The inner peripheral side of 
the stator 5 is supported on a stationary shaft (not shown) via a one-way clutch 33. A 
first thrust bearing 75 is axially disposed between the stator shell 31 and the impeller 
hub 18. A second thrust bearing 76 is disposed between the one-way clutch 33 and the 
flange 24. 

25 The lockup clutch 6 mechanically couples the front cover 2 to the turbine 4. 

The lockup clutch 6 is disposed in a space between the front cover 2 and the turbine 4. 
The lockup clutch 6 is primarily composed of a piston 41, and an elastic coupling 
mechanism 42 that serves to couple the piston 41 to the turbine 4. 

The piston 41 is a disk shaped member made of sheet metal, has a complex 

30 form prepared by drawing, and has an approximately uniform thickness throughout. 
The piston 41 is axially and circumferentially movable in the space between the front 
cover 2 and the turbine 4, and is disposed so as to divide this space into a front 
chamber F the front cover 2 side and a rear chamber R on the turbine 4 side. The 
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piston 41 moves in the axial direction due to a pressure differential in the working 
fluid between the front and rear chambers F and R. The piston 41 is primarily 
composed of a piston unit 41a that is a disk shaped member. Further, the piston 41 
includes a inner peripheral cylindrical portion 43 that extends axially from the inner 
5 peripheral edge of the piston 41 toward the engine, and an outer peripheral cylindrical 
portion 44 that extends axially from the outer peripheral edge of the piston 41 toward 
the transmission. The inner peripheral cylindrical portion 43 is supported on an outer 
peripheral surface 23a of the turbine hub 23, and is axially and circumferentially 
movable relative thereto. In other words, the piston 41 is radially positioned by the 
10 turbine hub 23 via the inner peripheral cylindrical portion 43. A seal ring 45 is 

disposed on the outer peripheral surface 23a of the turbine hub 23. The seal ring 45 is 
in contact with an inner peripheral surface of the inner peripheral cylindrical portion 
43, and seals and divides the front and rear chambers F and R at the inner peripheral 
portions thereof. 

1 5 A friction facing 6 1 is arranged on the engine side of the outer peripheral 

portion of the piston unit 41a. A friction surface 62 is formed on a portion of the front 
cover 2 facing the friction facing 61. When the friction facing 61 comes into contact 
with the friction surface 62 and is frictionally engaged therewith, the front cover 2 
transmits torque to the piston 4 1 . In other words, the friction surface 62 and the 

20 friction facing 61 form a clutch coupling portion 66. 

A support portion 48 is formed on a inner peripheral portion of the piston unit 
41a of the piston 41, and more specifically, is formed on the innermost peripheral 
portion thereof (the portion that continues from the cylindrical portion 43). The 
support portion 48 supports the thrust load of the turbine 4. The support portion 48 is 

25 an annular portion having a constant radial width, and includes a flat surface 48a on 
the flange 24 side which extends perpendicular to the rotation axis O - O. In addition, 
the flange 24 has a flat surface 24a on the support portion 48 side. The flat surfaces 
48a and 24a can be axially spaced from each other. However, the flat surfaces 48a and 
24a are in contact with each other when the lockup clutch is in the released state 

30 shown in Fig. 1, and are also in contact with each other when the lockup clutch is in 
the engaged state (described below). In other words, the flat surfaces 48a and 24a of 
the support portion 48 and the flange 24 form a contact support portion 65. The 
support portion 48 has a radial width that is larger than the thickness of the piston 41, 
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and is at least two or more times as large as the thickness of piston 41 . The radial 
width of the support portion 48 is preferably in a range three or four times larger (or 
more) than the thickness of the piston 41 . 

A transmission side surface 63 of the inner peripheral portion of the front 
5 cover 2 and an engine side surface 23b of the turbine hub 23 are opposing portions 
that face each other across an axial space. There are no other members disposed 
between the transmission side surface 63 and the engine side surface 23b, i.e., the 
transmission side surface 63 and the engine side surface 23b directly face each other 
in the axial direction. Fig. 1 shows a state in which the lockup clutch 6 is released, and 

10 in particular shows a state in which the piston 4 1 has moved to the furthest position 
away from the front cover 2 (a state in which the piston 41 has moved in the axial 
direction to the greatest extend possible toward the transmission side). Accordingly, a 
first axial space 71 of a size Gl is maintained between the friction surface 62 and the 
friction facing 61 in the clutch coupling portion 66, and a second axial space 72 of a 

15 size G2 is maintained between the transmission side surface 63 and the engine side 
surface 23b. Since Gl is much smaller than G2, an axial space can be maintained 
between the transmission side surface 63 of the inner peripheral portion of the front 
cover 2 and the engine side surface 23b of the turbine hub 23 in the clutch engaged 
state, even when bending or deflection occurs in the piston 41. Note that in this 

20 embodiment, the axial position of the end of the inner peripheral cylindrical portion 
43 of the piston 41 matches with the axial position of the engine side surface 23b of 
the turbine hub 23. 

The elastic coupling mechanism 42 serves to elastically couple the piston 41 
and the turbine 4 together in the rotational direction. The elastic coupling mechanism 

25 42 is disposed between the piston 41 and the turbine 4, and more specifically, between 
the vicinity of the outer peripheral cylindrical portion 44 and the outer peripheral 
portion of the turbine shell 21 . The elastic coupling mechanism 42 is composed of a 
retaining plate 5 1 that serves as a drive side member, a driven plate 52 that serves as a 
driven side member, and a plurality of coil springs 53 disposed between the plates 51 

30 and 52. The retaining plate 51 is an annular plate member disposed on the inner 

peripheral side of the outer peripheral cylindrical portion 44. The retaining plate 51 
serves to retain the coil springs 53, and engage with circumferentially opposite ends 
of each coil spring 53 in order to transmit torque. The retaining plate 51 includes 
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retaining portions 54, 55 that respectively support the outer peripheral and inner 
peripheral sides of the plurality of coil springs 53 arranged in the circumferential 
direction. The inner peripheral side of the retaining portion 54 is formed by partially 
cutting and bending the retaining plate 5 L In addition, the retaining plate 5 1 includes 
5 engagement portions 56, 57 that serve to support the circumferentially opposite ends 
of each coil spring 53. The engagement portions 56, 57 are formed by partially cutting 
and bending the retaining plate 51 . The driven plate 52 is an annular plate that is fixed 
to the rear surface of the outer peripheral portion of the turbine shell 21 . A plurality of 
claws 58 are formed on the driven plate 52 at a plurality of positions in the 
10 circumferential direction, and extend toward the engine. The claws 58 are disposed so 
that they can be engaged with the circumferentially opposite ends of each coil spring 
53. This configuration allows torque to be transmitted from the retaining plate 51 to 
the driven plate 52 via the coil springs 53. 
Operation 

15 The operation of the torque converter 1 will be described below. 

Lockup Clutch In The Released State 

When the torque is transmitted from the engine to rotate the front cover 2, the 
impeller 3 fixed to the front cover 2 will also rotate. This allows the working fluid to 
flow from the impeller 3 to the turbine 4 and rotate the turbine 4. This in turn allows 
20 the torque transmitted to the turbine 4 to be transmitted to the main drive shaft (not 
shown in the figures). 

At this point, the piston 41 of the lockup clutch 6 moves to the turbine side 
due to the pressure differential of the working fluid in the front and rear chambers F 
and R, and an axial space is thereby maintained in the clutch coupling portion 66. 
25 Lockup Clutch In The Engaged State 

When the fluid is drained from the front chamber F, the pressure differential of 
the working fluid in the front and rear chambers F and R moves the piston 41 toward 
the front cover 2 side. When the friction facing 61 of the piston 41 thus moved comes 
into contact with the friction surface 62 of the front cover 2, the clutch coupling 
30 portion 66 will be in the clutch engaged state. In this state, the front cover 2 directly 
transmits the torque to the turbine 4. 

When the lockup clutch is in the engaged state, a force will be applied to the 
turbine 4 in the axial direction that urges the turbine 4 toward the engine. Because of 
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this, the thrust load of the turbine 4 will be applied to the piston 41 . The piston 41 will 
receive the thrust load of the turbine 4 via the support portion 48 when the clutch 
coupling portion 66 is in contact with the front cover 2. When this occurs, the axial 
space 72 will be maintained between the transmission side surface 63 of the front 
5 cover 2 and the engine side surface 23b of the turbine hub 23. 

When variations in torque are input from the engine to the front cover 2, the 
coil springs 53 in the elastic coupling mechanism 42 will be compressed in the 
rotational direction between the retaining plate 51 and the driven plate 52. As a result, 
the elastic coupling mechanism 42 will absorb the torsional vibrations. When the 

10 elastic coupling mechanism 42 operates, sliding occurs in the rotational direction of 
the contact support portion 65, and more particularly between the support portion 48 
of the piston 41 and the flange 24 of the turbine hub 23 which are pressed against 
each other in the axial direction. In this embodiment, however, the bearing stress of 
the contact support portion 65 will be low, and thus little wear will be produced, 

1 5 because the support portion 48 is an annular portion having a constant radial width. 

As described above, the following effects will be obtained by adopting a 
structure that supports the thrust load of the turbine 4 by means of the piston 41. 

(1) Elimination of the Thrust Washer 

(1-1) The number of parts can be reduced by eliminating the thrust washer. As 
20 a result, costs will be reduced. 

(1-2) By eliminating the thrust washer, it will no longer be necessary to 
improve the precision of the sliding surfaces of the front cover and the turbine hub, 
and thus the number of processing steps can be reduced as well as costs. 

(1-3) The space occupied by the inner peripheral portion of the torque 
25 converter in the axial direction can be reduced by eliminating the thrust washer. 

(1-4) A reduction in weight can be achieved by elimination of the thrust 

washer. 

(2) Improvement of the lockup clutch 

In this embodiment, the clutch coupling portion 66 is subjected to a load 
30 applied from the piston 41 and a load applied from the turbine 4. In other words, the 
pushing load in the lockup clutch 6 is larger than that in a conventional structure. As a 
result, the lockup clutch 6 has an increased torque transmission capacity. 
Other Embodiments 
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The foregoing embodiment is only an example of the present invention and the 
present invention is not limited thereto. Various modifications and variations are 
possible without departing from the spirit and scope of the invention. For example, 
the hydrodynamic torque transmitting device of the present invention not only 
5 includes the torque converter described above but also a fluid coupling. In addition, 
the driven plate of the lockup clutch may be fixed to the turbine hub instead of the 
outer peripheral portion of the turbine. 

The support portion of the piston may be in contact with a portion of the 
turbine hub other than the flange. In other words, the support portion of the piston 
10 may be in contact with the main portion of the turbine hub or the turbine shell. 

The elastic coupling mechanism may be composed of a pair of plates which 
support axially opposite sides of the coil springs, and a plate interposed therebetween. 

The clutch coupling portion may have a structure that maintains a plurality of 
friction surfaces. 

15 In the hydrodynamic torque transmitting device according to the present 

invention, the support portion of the piston axially supports the turbine in the lockup- 
engaged state, and as a result, an axial space is maintained between the opposing 
portions when the piston is in the position closest to the front cover, and the load from 
the turbine will not applied to the front cover. Thus, in contrast to the conventional 

20 configuration, the thrust washer can be eliminated because the piston bears the thrust 
load of the turbine. 

Any terms of degree used herein, such as "substantially", "about" and 
"approximately", mean a reasonable amount of deviation of the modified term such 
that the end result is not significantly changed. These terms should be construed as 

25 including a deviation of at least ± 5% of the modified term if this deviation would not 
negate the meaning of the word it modifies. 

This application claims priority to Japanese Patent Application No. 2003- 
1 19041 . The entire disclosure of Japanese Patent Application No. 2003-1 19041 is 
hereby incorporated herein by reference. 

30 While only selected embodiments have been chosen to illustrate the present 

invention, it will be apparent to those skilled in the art from this disclosure that 
various changes and modifications can be made herein without departing from the 
scope of the invention as defined in the appended claims. Furthermore, the foregoing 
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description of the embodiments according to the present invention are provided for 
illustration only, and not for the purpose of limiting the invention as defined by the 
appended claims and their equivalents. 
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